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(54) Recording medium, Image forming method utilizing the same, method for producing the 
same, alumina dispersion and method for producing the same 

(57) Provided is a recording medium provided with 
an ink receiving layer on a substrate, wherein said ink 
receiving layer comprises an alumina hydrate having a 
boehmite structure and a non-coupling zirconium com- 
pound. 
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Description 

BACKGROUND OF THE INVENTION 
s Field f the Invention 

[0001] The present invention relates to a recording medium suitable tor ink-jet recoiding and in particular for output 
of a photographic image, a method for producing the recording medium, an image forming method utilizing the record- 
ing medium, an alumina dispersion and a method for producing the alumina dispersion. 

[0002] The ink-jet recording system comprising ejecting minute ink droplets by various principles and depositing such 
the ink droplets onto a recording medium, such as paper to conduct recording an image or a character, is becoming 
rapidly popular in recent years in various applications in recording various images including the information processing 
equipment because of features such as a high speed, a low noise level, ease of muW color image formation, flexibility 
in the recorded pattern, absence of necessity for image development or fixation etc. Also, the image formed by the 
mulh-color ink-jet recording system is comparable in image quality to the multi-color printing with printing plates or the 
pnnt by color photography, and is being widely used in the field of full-color image recording as it is less expensive than 
the ordinary mult-color printing or photographic printing when the number of prints is low. 

Related Background Art 

[0003] In the ink-jet recording system, the recording apparatus and method have been improved along with the 
improvement in the recording characteristics such as increase in the recording speed and in the image definition and 
transition toward full-color recording, but requirements of a higher level are being requested also for the receding 
medium. For meeting such requirements, there have been proposed recoiding media of various forms. For e*ample 
Japanese Patent Application Laid-Open No. 55-5830 discloses an ink-jet recording paper provided with an ink absort> 
mg coated layer on a substrate, and Japanese Patent Application Laid-Open No. 55-51583 discloses a configuration 
employing amorphous silica as the pigment in the coated layer. 

[0004] U.S. Patent Nos. 4.879.166 and 5.104.730. Japanese Patent Application Laid-Open Nos 2-276670 3-215082 
and 3-281 383 and a patent application of the present inventors have proposed a recoiding sheet having an ink receiv- 
ing layer employing alumina hydrate having a pseudo boehmite structure. 

[0005] Also, the recording media employing zirconium compound are being increasingly proposed in recent years 
For example Japanese Patent Application Laid-Open No. 4-7189 discloses a method for producing a recoiding 
medium provided with an ink receiving layer containing porous pigment and zirconium compound. Also. Japanese Pat- 
ent Apptobon Laid-Open Nos. 5-85033. 5-85034 and 5-85085 have proposed a recording medium having an interme- 
diate layer between the ink receiving layer and the substrate, and disclosed an example of employing a zirconium- 
containing crosshnkmg agent in the intermediate layer. Also, Japanese Patent Application Laid-Open No. 6-32046 pro- 
S^f 8 " J*?"** medium P rovided ink '"living layer containing specified amounts of amorphous silica, a 

vintf alcohol copolymer containing silanol radicals and a zirconium compound. Furthermore. U.S. Patent No 4 732 786 
discloses i a recording medium provided with an ink receiving layer containing specified amounts of a pigment, a binder 
an insolubilized hydrophilic polymer and a zirconium compound as polyvalent cation ' 

X? u H ^T' the /, 6COrdin9 media merrtioned ^e <*" improve the coating strength, but they are still insufficient 
m the '* absorbing ability, resolution or gradation sufficient for reproducing the image quality comparable to that of the 
silver haMe-based photography, and are deficient in a water fastness and an image preservabilrty. 
«S M** J !?!? e8e Pat8nt App,ication LaW-Open No. 9-76628 disdoses a recording medium provided with an ink 
ir*r£? 8r e ° n ** ning an alumina »*jected to surface treatment with a zirconium-containing coupling 

S T~ 6mem in 816 PS* 0 "™** fe ^ired even for such recording medium, for use on the 

recent photo ink-,et printer that can output a high<,uality image comparable to that of the silver halide*ased photogra- 

p * rter J^e* thS d6nSity 9radati0n * superposing a tow concentration ink or inks having 

Se^n^Tl^ 10 ^ 801001,1 9radati0n " Wch iS important in P roduci "9 8 Photographic image. For 
? 1 T * e l m0Unt 0f ,nk deposited P er af ea is significantly larger than that in the conventional ink-jet printer 
On the other hand, m order to enhance a permeability of ink for enabling image output on plain paper, there is added a 
arg ,amount ol surfactant in the ink solvent or there is employed a highly hydrophi^ 

zifr n : y ; ate na r ino a hi9h dyeina *■* tne ink tends to * » «• * • ^ ** *^ma£ 

SSSFZZSV? * *" ima9G ° r CauSinfl mi9ration f *» d ^ after the image recording 

JUJL ^ Z hand ' ther e have been known various methods for producing an alumina hydrate dispereion For 
ZSi ^ent Application Laid-Open Nos. 54-1 16398. 55-23034 and 55-27824 disclose a mSSSpr^ 

paring alumina hydrate gel by reacting a basic aluminum salt with an alkali or an acid or reacting an acidic aluminum 
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salt with an alkali and def loculating the obtained gel to form an alumina hydrate dispersion. Also, a method of hydrolyz- 
ing aluminum alkoxide to prepare alumina hydrate and deflocculating it with an acid to obtain alumina hydrate disper- 
sion is proposed, for example, in Japanese Patent Applicati n Laid-Op n Nos. 57-88074, 62-56321, 4-275917, 6- 
64918, 7-10535, 7*267633, U.S. Patent No. 2,656,321 and Am. Ceramic Soc. Bull., 54, p. 289 (1975). 

5 [001 0] However, for obtaining an alumina hydrate dispersi n with a def locculant such as acid, it is necessary to add 
a large amount of deflocculant as described in Japanese Patent Application Laid-Open No. 62-56321. If the amount of 
def locculant is too little, there will be required a longer time for def looculation or there will result insufficient def Pecula- 
tion. Japanese Patent Application Laid-Open No. 7-10535 discloses a method of executing def Peculation at a high tem- 
perature and under pressure in order to reduce the amount of the deflocculant and the time required for def Peculation, 

10 but such def locculation at high temperature and under pressure requires a pressurized reactor. Also the use of acid at 
high temperature and under pressure results in various limitations in manufacture such as a reduced service life of the 
reactor. 

[001 1] Furthermore, Japanese Patent Application Laid-Open No. 6-064919 discloses a method of adding an acid to 
alumina hydrate and applying an ultrasonic treatment to obtain a sol, but such method not only requires a special facility, 
15 thus involving limitations in the manufacture, but also results in difficulty in def locculation and dispersion and in a short 
pot life at a high solid concentration. 

[001 2] Also, as described in Japanese Patent Application No. 7-1 0535, a gel tends to be produced at a high solid con- 
centration in case a large amount of acid is used for def locculation, so that an alumina hydrate dispersion of a high con- 
centration has been extremely difficult to obtain. 

20 [001 3] The alumina sol of a high concentration and a low viscosity has been proposed in various forms such as a form 
containing a water-soluble aliphatic amino acid or a lactam derived therefrom (refer to Japanese Patent Application 
Laid-Open No. 61-283335). a form containing an acid amide (refer to Japanese Patent Application LaidOpen No. 1- 
171633), or a form with a defined content of cations other than a hydrogen ion (refer to Japanese Patent Application 
Laid-Open No. 8-295509). However, even the dispersion of such forms shows insufficient stability when a water-soluble 

25 or water-dispersible polymer is mixed for obtaining a binding property or a shaping property for the purpose of forming 
a coating material, paint, bulk ceramics or catalyst carrier, and there cannot be obtained a sufficiently low viscosity or a 
sufficiently long pot life. 

SUMMARY OF THE INVENTION 

30 

[001 4] In consideration of the foregoing, an object of the present invention is to provide a recording medium allowing 
a wide selection of inks, showing little ink migration or bleeding, a high optical density in the printed area, satisfactory 
transparency and showing excellent halftone reproduction particularly in the output of a photographic image, and an 
image forming method utilizing such the recording medium. 
35 [001 5] Another object of the present invention is to provide a method for producing the recording medium, with coating 
dispersion of excellent stability with a high pH and with little corrosion, and without requiring a special manufacturing 
facility. 

[0016] Still another object of the present invention is to provide an alumina dispersion showing an excellent binding 
property and shaping property, and having a high solid concentration, a low viscosity, excellent stability of dispersion 
40 and a long pot life. 

[0017] Still another object of the present invention is to provide a method for producing the alumina dispersion of the 
above-mentioned properties, in an easy manner without any special manufacturing facility. 
[0018] The above-mentioned objects can be attained according to the present invention in the following manner. 
[0019] According to the present invention there is provided a recording medium provided with an ink receiving layer 
45 formed on a substrate, wherein the ink receiving layer comprises an alumina hydrate having a boehmrte structure and 
a non-coupling zirconium compound. 

[0020] According to the present invention there is also provided a method for producing a recording medium by form- 
ing an ink receiving layer on a substrate, which comprises applying and drying, on the substrate, a dispersion compris- 
ing an alumina hydrate having a boehmite structure, a non-coupling zirconium compound and a binder, thereby forming 
so the ink receiving layer. 

[0021 ] According to the present invention there is further provided an image forming method by ejecting an ink from 
a minute orifice and depositing it on a recording medium to form an image, wherein the recording medium is any one 
of the aforementioned recording medium. 

[0022] According to the present invention there is still provided an alumina dispersion comprising an alumina hydrate, 
55 a binder, and an inorganic salt and/or an organic acid salt of zirconium. 

[0023] According to the present inv ntion there is also still provided a method for producing an alumina dispersion 
which comprises mixing and dispersing a binder into a dispersion comprising an alumina hydrate and an inorganic salt 
and/or an organic acid salt of zirconium. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0024] The recording medium of the present invention has a configuration provided, on a substrate, with an ink receiv- 
ing layer composed principally of an alumina hydrate having a boehmite structure, a non-coupling zirconium compound 
and preferably a binder. 

[0025] Alumina hydrate is a preferred material for use in the ink receiving layer since it shows satisfactory fixation of 
a aye in the ink, provides an image of satisfactory color appearance and is free from drawbacks such as change of black 
ink into brown color or insufficient light fastness, because of its positive charge. 

[0026] For use in the recording medium of the present invention, most preferred is an alumina hydrate having a boe- 
hmite structure in the X-ray diffraction because of a high dye adsorption, an ink absoiption and a transparency. 
[0027] The alumina hydrate is defined by the following general formula: 

Al203. n (OH) 2n .mH20 

wherein n is an integer offrom0to3andmisa value within a range of from 0 to 10, preferably from 0 to 5 provided 
that m and n are not zero at the same time. The presentation mH 2 0 indicates a detachable water phase which is in most 
cases not involved in the formation of a crystal lattice, and, for this reason, m may assume a non-integral value. 
[0028] A method for producing an alumina hydrate having a boehmite structure to be contained in the recording 
medium of the present invention is not particularly limited, and there may be employed any method capable of produc- 
ing an alumina hydrate, such as Bayer process, a process of alum pyroiysis and the like. A preferred method consists 
of hydrolyzmg long-chain aluminum altoxyde by the addition of an acid. Use of alkoxyde having 5 or more carbon 
atoms, particularly having 12 to 22 carbon atoms, is preferred since it facilitates elimination of alcohol and shape control 
of the alumina hydrate having a boehmite structure as will be explained later. The above-mentioned method has an 
advantage of low contamination by impurities such as various ions, in comparison with methods for producing an alu- 
mina hydrogel or a cationic alumina. Also the long-chain aluminum alkoxyde. allowing easy elimination of alcohol after 
hydrolysis provides an advantage that alcohol can be completely eliminated from alumina hydrate, in comparison with 
the case of employing short-chain alkoxyde such as aluminum iscpropoxide. 

[0029] The alumina hydrate obtained by the above-mentioned method can subjected to grain growth by a hydrother- 
mal synthesis or can provide an alumina hydrate powder by drying. 

30 . 7)10 * alumina hydrate havinfl 8 boehmite st™*"* « generally a layered compound showing a large 

(020) plane, and shows a specific diffraction peak on the X-ray diffraction chart. The boehmite structure can be a com- 
plete boehmite structure or a pseudc^boehmite structure containing excess water between (020) planes. In the X-ray 
drffracton pattern, the pseudo-boehrrate structure shows a broader diffraction peak than in the complete boehmite 
sfructure As the complete boehmite structure and the pseudo-boehmite structure cannot be clearly distinguished an 
alumna hydrate in the present invention indudes both boehmite structures unless specified otherwise 

~? u, recordin9 medium of the P resent invention containing an alumina hydrate having a boehmite structure 
preferabV has a crystallinity within a range of from 15 to 80. Within such range, the medium shows a high optical density 
in the pnnted area, and is reduced in bleeding, beading or repelling. 

[0032] The crystallinity of the recording medium is an amount obtained from a ratio of an intensity at 26=10° to a peak 
intensity of a (020) plane appearing at 26-14 to 1 5' in the X-ray diffraction pattern with CuKa rays measured tor a pow- 
dered record.ng medium, as shown in Japanese Patent Application No. 8-132731 by the present inventors. The crys- 
taJhnrty is a physical quantity corresponding to the ratio of crystalline portions to amorphous portions of a alumina 
hydrate present in the recording medium. 

(S J*°J " *•£« «* inve ntion. *» terms "bleeding" means a phenomenon that a colored area becomes wider 
(larger) than the pnnted area m case of solid printing of a predetermined area. The terms heading" means a phenom- 
i, mm ^ " nevenness in densit y <>«*"* *» to coagulation of ink droplets each other appeared in the 
sow pnnted area. Also the terms "repelling" means a phenomenon that uncolored spots occur in the solid printed area 

inte ZSSZt 1?™! "*°" ° ^ reCSivin9 ' ayer fe 1 5 ° r hi9her ' ™ e de 9 fee <* Paraltelization is defined 
in ffie crystallinity in the following examples. A degree of parallelization of 1 .5 or higher is prefened because the printed 

** sh0 *V a ° rCUla ?- ^ 3 d69ree * P 3 ^'^ 'ess than 1.5. the circularity of the printed dot be^mes 
nS™ « ^ W Pr !' 9 : red ran9e is 2 w ni 9 her - in "•**« the recording medium shows a higher glossiness. 
CSJ^ f T? Xtr?- *" pseud °- boehmite is known to be present in fibrous and other forms, as reported 
fb^il w^, C i a,aly f 8, 741 P - 29 ' 36 (1991) " lhe P^ent invention may employ an alumina hydrateof a 
hmT^ 2, T Th6 Shap ! ^ rticle Pa ™° dimeter, aspect ratio) of an alumina hydrate having a bo - 
hmrt structure can b measured by preparing a specimen by dispersing alumina hydrate in an ion-exchanged wat r 
SJ^T" ^ l*^ 0 " 0 " 80 llodi " <am and observing the specimen under a transmission electron microscope. 
[0036] According to the observation of the present inventors, the planar form shows better dispercibility in waterin 
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comparison with fiber bundle (fibrous) form, and is preferred because, in forming the ink receiving lay r, the alumina 
hydrate particles are oriented in random manner to provide a larger pore volume and a broader pore radius distribution. 
The fiber bundle form means a state in which acicular alumina hydrate particles are gathered with lateral faces of the 
particles in mutual contact, in a form similar to a hair bundle. 

5 [0037] An aspect rati of the planar particle can be determined by a method defined in Japanese Patent Publication 
No. 5-1 601 5. The aspect ratio is a ratio of a diameter of the particle to a thickness thereof, wherein the diameter means 
a diameter of a circle of an area equal to the projected area of the alumina hydrate particle observed under a micro- 
scope or an electron microscope. The slenderness ratio is a ratio of maximum and minimum diameters of the planar 
plane in the observation similar to that for determining the aspect ratio. In case of fibrous bundle form, an aspect ratio 

w can be determined by measuring a diameter of the upper or lower circle and a length of a cylinder constituted by each 
acicular particle of alumina hydrate constituting the fibrous bundle and calculating the ratio of the length to the diameter. 
[0038] The most preferred shape of alumina hydrate has, in case of planar form, an average aspect ratio in a range 
of from 3 to 10 and an average particle size within a range of from 1 to 50 nm, or, in case of fibrous bundle form, an 
average aspect ratio within a range of from 3 to 10 and an average particle length within a range of from 1 to 50 nm. 

is The average aspect ratio within the above-mentioned range allows to form a pore between the particles in forming the 
ink receiving layer or in case of internal addition to the fbrous substance, thereby allowing to easily form a porous struc- 
ture the pore radius distribution of which is shifted broader. Also, the average particle diameter or the average particle 
length within the above-mentioned range similarly allows to form a porous structure with a large pore volume. In a case 
that an average aspect ratio is smaller than the lower limit of the above-mentioned range, a pore radius distribution of 

20 the ink receiving layer will be shifted narrower, while, if the average aspect ratio is larger than the upper limit of the 
above-mentioned range, it becomes difficult to produce an alumina hydrate with controlled particle diameter. Also, if the 
average particle diameter or the average particle length is smaller than the lower limit of the above-mentioned range, 
the pore radius distribution tends to shift narrower, while, if the average particle diameter or the average particle length 
is larger than the upper limit of the above-mentioned range, the adsorption property for an applied dye tends to be dete- 

25 riorated. 

[0039] A pore property of the alumina hydrate mentioned above is adjusted in the course of preparation, to the adjust- 
ment of fine pore property, but for obtaining the recording medium satisfying the requirements for a BET specific sur- 
face area and a pore volume in the ink receiving layer as will be explained later, it is preferable to employ an alumina 
hydrate with a pore volume within a range of from 0.1 to 1 .0 cm 3 /g. A pore volume larger than the above-mentioned 
30 range tends to generate cracks or powder drop-off in the ink receiving layer, while a pore volume smaller than the 
above-mentioned range reduces ink absorption, bleeding tends to occur in images due to ink overflow from the ink 
receiving layer, particularly in case of multi-color printing. 

[0040] Also, the BET specific surface area of an alumina hydrate is preferably within a range of from 40 to 500 m 2 /g. 
In a case that a BET specific surface area is small than the above-mentioned range, a glossiness of the ink receiving 
35 layer will be decreased and a haze level will be increased so that the printed image tends to become hazy. Also, the 
surface area larger than the above-mentioned range tends to generate cracks in the ink receiving layer. 
[0041] The ink receiving layer can be formed on the substrate through steps of applying a dispersion of the alumina 
hydrate and drying such the dispersion. 

[0042] The ink receiving layer of the recording medium of the present invention further contains a zirconium com- 

40 pound which does not directly combine with the alumina hydrate having the above-mentioned boehmite structure. The 
above-mentioned zirconium compound, in combination with the alumina hydrate having a boehmite structure, can 
exhibit effects high in adsorption for a dye contained in the ink and prevention of bleeding, in the ink receiving layer. 
[0043] In inks for a recent ink-jet printer, as explained in the foregoing, there is employed a targe amount of surfactant 
or a higher hydrophilic dye in order to increase an ink permeability into plain paper. Because of the high hydrophilicity 

45 of the dye, even after the ink is combined with a pigment practically serving as a dye adsorbent the adsorbed dye may 
migrate together with the ink components which are later delivered for example in superposed printing or may migrate 
even by the moisture in the air, so that such the inks tend to cause bleeding, dot gain, migration of dyes, etc. On the 
other hand, in the recording medium of the present invention employing the combination of the alumina hydrate having 
a boehmite structure and a non-coupling zirconium compound that does not combine directly with alumina hydrate, the 

so zirconium compound charges the surface of alumina hydrate to increase the cationic character thereof, thus enhancing 
the adsorbing property for anionic dyes principally employed in the field of an ink-jet system. Consequently, the record- 
ing medium of the present invention shows extremely little bleeding in superposed printing or migration even under a 
high-temperature and high-humidity conditions. In the present invention, the non-coupling zirconium compound means 
a zirconium compound that is not chemically combined with the alumina hydrate. 

55 [0044] The above-mentioned effect is exhibited by a fact that the above-mentioned zirconium compound is ionized at 
the time of applying an ink to absorb a dye strongly, and is ther for not observed in a compound having a low tonicity 
that directly combines with the alumina hydrate, such as a zirconium based coupling agent Incidentally a bonding state 
between the alumina hydrate and the zirconium compound can be examined by the chemical shift in the X-ray photo- 
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electronic spectroscopy (XPS or ESCA hereinafter collectively represented as "ESCA"). 

[0045] The terms "migration" referred to in the present invention means diffusi n and displacement f the dye with 
the lapse of time in the ink receiving layer, resulting in gradual blurring and bleeding of the recorded image. 
[0046] It has also been found out in the present invention that a halftone reproducibility can be improved by the com- 
bined us of the alumina hydrate having a boehmite structure and the non-coupling zirconium compound. Fine halftone 
rePr ^!S 0n ' S m irnpor,arrt requirement in the output of the photographic image. However, in the image forming 
method of representing the density gradation by superposed printing with a low-concentration ink or inks having differ- 
ent concentrations, principally employed in the recent photographic ink-jet printers, the hue tends to vary because of 
the difference in hue between a shadow area with a high dye concentration and a highlight area with a low dye concen- 
tration. This is presumably because the dye concentration is extremely low in the highlight area represented by the low 
concentration ink, so that the change in hue is easily caused by a slight light scattering in the ink receiving layer In the 
recording medium of the present invention, however, the dye is easily adsorbed on the surface of alumina hydrate par- 
ticles, as the zirconium compound charges such particle surface. Consequently the dye does not intrude into the fine 
pores present in the alumina hydrate particles, thus reducing light scattering and leading to extremely little change in 
is the hue in me highlight area and excellent halftone reproducibility. 

[0047] On the other hand, according to the investigation of the present inventors, in case of combined use of silica 
and a zirconium compound, satisfactory halftone reproduction is difficult to achieve because the silica particles of suf- 
ficient ink rece'rvability shows strong light scattering by the particles themselves. 

[0048] The zirconium compound of the present invention also contributes to the stability of dispersion of alumina 
20 hydrate, and thus serves as a deflocculant The terms "deftocculation" means a phenomenon where the particles are 
stably dispersed in a liquid medium by the strong repulsive force between the particles in such liquid medium. In order 
that the particle has such repulsive force, the particle is required to be charged and to form an electric double layer by 
the adsorption of an ion of the opposite polarity for neutralizing such charge. Such electric double layer causes electro- 
static repulsion, thus preventing approaching of the particles. The deftocculation does not take place if the particle is 
» not charged and is not provided with the electric double layer on the surface 

[0049] Due to that the zirconium compound is acidic in the liquid medium, it serves to charge the alumina hydrate 
particles and. by the anionic character, to form an electric double layer on the surface of the alumina hydrate particles 
thereby stimulating deftocculation. 

[0050] Such function cannot be achieved by alkali salts or alkali earth salts. For deflocculating the alumina hydrate 
particles, there is required an acid such as nitric acid or hydrochloric acid which is a general deflocculant For faming 
an ink receiving layer with a sufficient ink absorbing property, there is generally required, from the manufacturing stand- 
point, coating liquid of a high solid content. It is therefore required to prepare an alumina hydrate dispersion of a high 
concentration, but there is required a large amount of acid therefor resulting in decreasing pH of the dispersion so that 
not only corrosion may occur in the manufacturing facility or in the storage, but also a viscosity of the dispersion tends 
to become higher. However, the zirconium compound of the present invention does not easily result in such pH reduc- 
tion, even in case of preparation of an alumina hydrate dispersion of high concentration, and can therefore reduce the 
viscosity of dispersion. 

[0051] In the present invention, there can be employed any zirconium compound that is not directly combined with 
a umina hydrate, and there are particularly preferred inorganic salts and organic acid salts of zirconium. Specific exam- 
ples of such zirconium compound include halides such as ZrOQ 2 -nHsO. Zs&O* ZrCU, ZiCI 3 . ZrCI 2 , ZrBr 4 ZrBr, 

l,l 2 A v 4 '..^' Zr ' 2, 719 *• Zrp3 and w * 0X0 acid safe such as ZnlNQsk-nHzO, Zr (N0 3 ) 2 • nr+,0. ZrfSO^),' 
Zr(S0 4 ) 2 • nH 2 0, ZrO(S0 4 ), Zr^PO^. ZrP^. ZrSi0 4 . (NH^CC^, ZnW ' nH.0 ar2 ZrS(OH) 2 -nH^ 
and organic aad salts such as zirconyl acetate, zirconyl lactate, zirconyl stearate. zirconyl octate. zirconyl laurate and 
?n£?, T ' and Wch zirconium compounds may be used singly or as a mixture of two or more kinds 
[0052] An amount of the above-mentioned zirconium compound to be added is preferably so selected that a zirco- 
nia/alumina (Zr0 2 /Pi 1 p 3 ) ratio is within a range of from 1 .0 x 1 0" 4 to 1 .0 x 10" 1 . An excessively large amount of the zir- 
conium compound tends to result in a large change in a dye hue after printing, for example because of a lower pH of 
the coating liquid while an excessively small amount of the zirconium compound reduces the dye adsorbing property, 
thus leading to Weeding, dot gain or migration. ***** * 

[0053] The zirconium compound addition is preferably executed by adding a binder to a dispersion containing an alu- 
mina hydrate and a zirconium compound, in order to effectively achieve deftocculation of alumina hydrate particles and 
improvement of stability of the alumina hydrate dispersion after mixing the binder. The zirconium compound may be 
added in advance to the liquid medium, and the alumina hydrate particles and the binder may be thereafter added in 

SSSn^iEr f ~T P ° Und , 8nd the binder "** be added successively to an alumina sol or an alumina 
slurry in which the alumina hydrate particles are dispersed. Also, a similar effect can be attained by simultaneous addi- 
tion of the alumina hydrate particles and the zirconium compound to the liquid medium. 

K^ 41 J*!! a ' Umina dispereion 01 me Present invention can easily attain a high concentration with a solid content of 
1 0 % or higher at a relatively high pH of 3.0 or higher, by the use of an inorganic salt and/a an organic acid salt of zir- 
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conium. Thus, there can be obtained the alumina dispersion which remains stable even after the binder is added, and 
which is long in a pot life and excellent in binding and shaping properties of the alumina hydrate particles. 
[0055] The ink receiving layer provided in the recording medium of the present invention is preferably so formed that 
the total pore volume is within a range of from 0.1 to 1 .0 crrrVg. When a pore volume of the ink receiving layer is larger 

5 than the above-mentioned range, cracks and powder drop-off in the ink receiving layer tend to generate, while when a 
pore volume is smaller than the above-mentioned range, the ink-absorbing property is reduced, so that bleeding tends 
to occur due to ink overflow from the ink receiving layer, in particular in case of multi-color printing. 
[0056] The BET specific surface area of the ink receiving layer is preferably within a range of from 20 to 450 m 2 /g. 
When a surface area is larger than the above-mentioned range, a glossiness of the ink receiving layer is lowered and 

10 the printed image tends to become hazy because of the increased level in haze. Also, when a surface area is smaller 
than the above-mentioned range, cracks tend to generate in the ink receiving layer. 

[0057] The BET specific surface area and the pore volume mentioned above can be measured by the nitrogen 
adsorptiorVdesorption method, after degassing it for 24 hours at 120°C. 

[0058] The pore structure of the ink receiving layer is not determined by the a|umina hydrate employed, but is influ- 
75 enced by various manufacturing conditions such as a kind and an amount of the binder, concentration, viscosity and 
dispersion state of the coating liquid, coating apparatus, coating head, coating amount, amount temperature and direc- 
tion of drying air, etc. For this reason, in the present invention, in order to attain the desired characteristics of the ink 
receiving layer, it is necessary to adjust the manufacturing conditions in an optimum range. 

[0059] In the recording medium of the present invention, there may be employed various additives as needed. Such 
20 additives may be arbitrarily selected from various metal oxides, salts of divalent or polyvalent metals, and cation ic 
organic substances. As the metal oxide, there is preferred oxides or hydroxides such as silica, boria, silicaboria, silica- 
magnesia, titania, zirconia and zinc oxide. As the salt of di- or polyvalent metal, there is preferred salts such as calcium 
carbonate and barium sulfate, and calcium nitrate, or halides such as magnesium chloride, calcium bromide, calcium 
iodide, zinc chloride, zinc bromide and zinc iodide, kaolin or talc. As the cationic organic substance there is preferred 
25 quaternary ammonium salts, polyamines and alkylamines. Such additive is preferably added in an amount not more 
than 20 % by weight of alumina hydrate. 

[0060] In the recording medium of the present invention, the binder may be employed in combination with an alumina 
hydrate and a zirconium compound. The binder can be arbitrarily selected from one or more water-soluble and water- 
dispersible polymers. Preferred examples of the binder include water-soluble polymers such as polyvinyl alcohol and 

30 modified products thereof, starch and modified products thereof, gelatin and modified products thereof, casein and 
modified products thereof, gum arabic, cellulose derivatives such as carboxymethyl cellulose, polyvinyl pyrrolidone, 
maleic anhydride and copolymers thereof and acrylic acid ester copolymers, and water-dispersiWe polymers such as 
conjugated diene copolymer latex such as SBR latex, functionally modified polymer latex, and vinyl copolymer latex 
such as ethyiene-vinyl acetate copolymer latex. 

35 [0061 ] The weight ratio of the alumina hydrate to a binder is preferably within a range of from 1 :1 to 30:1 . Within this 
range, the medium shows a high ink absorbing speed and a high optical density in the printed area. When a binder 
amount is lower than the above-mentioned range, a mechanical strength of the ink receiving layer becomes insufficient, 
so that cracks and power drop-off tend to generate. When a binder amount is higher than the above-mentioned range, 
the pore volume is reduced, so that the ink absorption amount tends to reduce. The weight ratio is more preferably 

40 within a range of from 3:1 to 20:1 in consideration of the ink-absorbing property and the difficulty in crack formation 
when the medium is bent. 

[0062] Further, an organic acid may be advantageously employed in the recording medium of the present invention. 
The effect of such organic acid is to relax the temporarily increase in viscosity (called binder shock), presumably 
induced by the interaction with the zirconium compound at the time of mixing the binder consisting of water-soluble or 

45 water-dispersible polymer in the course of coating, though the function of such organic acid is not fully clarified. The co- 
use of the organic acid allows to prepare the coating liquid in a simple manner, without requiring a dispersing machine 
or a special equipment in which a high shear rate is loaded in the preparation of the coating liquid. It is anticipated that 
the addition of an organic acid lowers a pH value of the coating liquid, thereby deteriorating the stability of dispersion, 
but in fact the zirconium compound functions as a buffer for the organic acid so that the pH is not lowered by such an 

so amount to deteriorate the dispersion stability. Consequently the co-use of organic acid rather improves the dispersion 
stability of the coating liquid, prolonging the pot life. Also rt provides an effect of reducing the curl of the recording 
medium immediately after printing, thus improving a feeling in quality of the print and suppressing occurrences of fric- 
tion on the recording head and of jamming of the recording medium in the course of printing operation. 
[0063] The organic add advantageously employed in the present invention is not particularly limited and can be. for 

55 example, a carboxylic acid, a sulfonic acid or an amino acid. Specific examples includes carboxylic acids such as formic 
acid, acetic acid, chloroacetic acid, dichloroacetic acid, trichloroacetic acid, f tuoroacetic acid, trimethylacetic acid, meth- 
oxyacetic acid, mercaptoacetic acid, giycolic acid, acrylic acid, methacrylic add, propionic add, lactic acid, valeric add, 
caproic acid, caprylic acid, capric acid, iauric acid, mylistic acid, palmitic add. stearic acid, oleic acid, linolic add. linoleic 
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acid, cydohexane carboxylic acid, phenylacetatic acid, benzoic acid, o-toluic acid, m-toluic acid, p-toluic acid, o-chlo- 
robenzoic acid, m-chlorobenzoic acid, p-chlorobenz ic acid, o-bromob nzoic acid, m-borobenzoic acid, p-bromoben- 
zoic acid, o-nitrobenz ic acid, m-nitrobenzoic acid, p-nitrobenzoic acid, oxalic acid, ma! nic acid, succinic acid, glutalic 
acid, azipic acid, tartaric acid, maleic acid, fumaric acid, citric acid, phthalic acid, isophothalic acid, terephthalic acid, 
salidlic acid, p-hydroxybenzoic acid, anthranyiic acid, m-aminobenzoic acid, p-aminobenzoic acid, o-methoxybenzoic 
acid, m-methoxybenzoic acid and p-methoxybenzoic acid; sulfonic acids such as benzene sulfonic acid, methyibenzene 
sulfonic acid, ethylbenzene sulfonic acid, dodecylbenzene sulfonic acid, 2.4,6-trimethylbenzene sulfonic acid, 2,4- 
dimethylbenzene sulfonic acid, 5-suHbsalicilic acid, 1 -sulfonaphthalene, 2-sulfonaphthalene, hexane sulfonic add, 
octane sulfonic acid and dodecane sulfonic acid; and amino acids such as glydne, alanine, valine, a-aminolactic add, 
Y-aminolactic add, 0-alanine, taulin, serine, e-amino-n-caproic acid, leudne, norleudne a phenylalanine, and such 
acids may be employed singly or as a mixture of two or more acids. 

[0064] The content of the organic acid is preferably within a range of from 5.0 x 10" 4 to 1 .0 mol/g with respect to the 
weight of zirconium compound converted into oxide. An excessively large amount of the organic acid reduces the buff- 
ering effect of the zirconium compound, thus resulting a low pH and deteriorating the stability of the dispersion. On the 
other hand, an excessively small amount of the organic acid increases the possibility of the binder shock phenomenon 
at the time of mixing the binder with the coating liquid, and reduces the effect of decreasing the curl after the printing 
operation. 

[0065] in the present invention, in addition to the alumina hydrate, zirconium compound and binder, there may be 
added, as needed, a pigment dispersing agent, a viscosifier, a pH adjusting agent, a lubricant, a fluidity modifier, a sur- 
factant, a defoaming agent a water-proofing agent, an antrfoamer, a releasing agent a foaming agent a permeating 
agent, a colored dye, a fluorescent whitener, an ultraviolet absorbing agent, an antioxidant a preserver or an antimold 
agent. The water-proofing agent can be arbitrarily selected from the already known ones such as halogenated quater- 
nary ammonium salts and quaternary ammonium salt polymers. 

[0066] Ip. the present inverter., the substrate for forming the ink receiving layer is not particularly limited and can be 
any sheet-shaped material, for example, paper such as suitably sized paper, non-sized paper and resin-coated paper 
coated with polyethylene, or a thermoplastic film. The thermoplastic film can be a transparent film such as of polyester, 
polystyrene, polyvinyl chloride, polymethyl methacrylate, cellulose acetate, polyethylene or polycarbonate, or a sheet 
rendered opaque by pigment filler or minute bubble. 

[0067] The method for producing the recording medium of the present invention is not particularly limited and there 
can be employed an ordinary method of coating or internally addition alumina hydrate. More specifically, alumina 
hydrate is either dispersed in water and applied on the substrate, or internally added to a f torous substance. As needed, 
there may be added a heating step as disclosed in Japanese Patent Application Laid-Open No. 9-86035. 
[0068] The dispersing method of the dispersion containing the alumina hydrate having a boehmite structure, the zir- 
conium compound and the binder may be selected from the ordinary dispersing methods. More specifically, there is 
advantageously employed a dispersing apparatus of crushing type such as a ball mill or a sand mill, or a dispersing 
apparatus of stirring type such as a homomixer or a homodisper. 

[0069] In the present invention, the coating liquid for forming the ink receiving layer may be applied with an ordinary 
coating apparatus such as a blade coater, an air-knife coater, a roll coater, a brush coater, a curtain coater, a bar coater, 
a gravure coater and spray coater. 

[0070] An amount of the dispersion to be applied, in the terms of dry solid weight is preferably within a range of from 
0.5 to 60 g/m 2 for attaining satisfactory ink-absorbing property, and. more preferably from 5 to 45 g/m 2 for attaining a 
faster ink absorbing speed and avoiding cracks and powder drop-off generation. After the coating, as needed, it is pos- 
sible also to improve the surface smoothness of the ink receiving layer for example with calender rolls or to increase a 
surface glossiness by cast molding. 

[0071 ] The ink employed in the image forming method of the present invention prindpally contains a coloring agent 
(dye or pigment), water-soluble organic solvent and water. The dye is preferably a water-sduble dye represented for 
example by a direct dye, an add dye, a basic dye, a reactive dye or a food dye, and can be arbitrarily selected as long 
as there can be satisfied image requirements such as f ixability, coloring ability, sharpness, stability, light fastness, etc. 
in combination with the recording medium described above. 

[0072] The water-soluble dye is used generally by dissolving it in water or in a mixture of water and a water-soluble 
organic solvent Such solvent mixture is preferably composed of water and water-soluble organic solvent and the ink is 
preferably so prepared that the water content in the ink is within a range of from 20 to 90 % by weight. 
[0073] Examples of such water-soluble organic solvent indude alkylalcohols with 1 to 4 carbon atoms such as methyl 
alcohol; amides such as dimethylformamide; ketones and ketone alcohols such as acetone; ethers such as tetrahydro- 
furane; polyalkylen glycols such as polyethylene glycol; alkylene glycols containing 2 to 6 carbon atoms in an alkylen 
moiety such as ethyl ne glycol; and lower alkyf ethers of polyhydric alcohols such as ethyelenglycd methyl ether. 
Among these water-soluble organic solvents, preferred are polyhydric alcohols such Methylene glycol and lower alkyl 
ethers of polyhydric alcohols such as triethylene glycol monomethylether and triethylene glycol monoethylether. Partic- 
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ularly preferred are polyhydric alcohols as they are effective as a lubricant for preventing the nozzle clogging resulting 
from precipitation of the water-soluble dye caus by water evaporation from the ink. 

[0074] The ink may further contain a solubilizing agent The solubilizing agent is represented by nitrogen-containing 
heterocyclic ketones, which drastically can improve a solubility of the water-soluble dye in the solvent. Preferred exam- 
ples are N-m thyl-2-pyrrolid n and 1 ,3-dimethyl-2-imidazolidine. There may be further added other additives for 
improving the characteristics such as a surfactant for increasing the permeability of the ink components into the plain 
paper, a viscosity adjusting agent, a surface tension adjusting agent, a pH adjusting agent and a specific resistivity 
adjusting agent. 

[0075] The image formation by ink deposition onto the above-described recording medium is achieved by ink-jet 
recording method, which can be any method capable of effectively ejecting the ink from a nozzle and depositing the ink 
onto the recording medium. In particular, there can be effectively utilized an ink-jet recording method disclosed in Jap- 
anese Patent Application No. 54-59936 in which the ink subjected to the function of thermal energy undergoes a rapid 
volumic change, and is ejected from the nozzle by a force generated by such state change. 
[0076] In the following the present invention will be explained in more detail by examples thereof, but the present 
invention is by no means limited by such examples. 

[0077] The physical properties used in the present invention were measured in the following manner. 

1 . Crystallinity and Degree of parallelization 

[0078] A recording medium in a sheet form and a powdered ink receiving layer separated from the recording medium 
were subjected to an X-ray diffractometer, and, from the obtained pattern, the intensity at 28=10° and the peak intensi- 
ties of the (020) and (120) planes were measured. Also, an ink receiving layer separated from the recording medium 
was subjected to an X-ray diffractometer to measure the peak intensities of the (020) and (120) planes. Then the crys- 
tallinity and the degree of parallelization were calculated from the following equations: 

Crystallinity = (peak intensity of (020) plane)/(intensity at 26=10°); 

Intensity ratio of the powder = (peak intensity of 
(020) plane of powder)/(peak intensity of (1 20) plane of powder); 

Intensity ratio of the recording medium (ink receiving layer) = (peak intensity of (020) plane of 
recording medium)/(peak intensity of (120) plane of recording medium); and 

Degree of parallelization = (intensity ratio of recording medium)/(intensity ratio of powder). 

[0079] In the foregoing equations, the X-ray diffraction measurement was executed under the following conditions: 

Measuring apparatus: RAD-2R (trade name, a product of Rigaku DenW Co.); 
Target: CuKa; 

Optical system: Wide-angle goniometer (with bent graphite monochrometer; 

Gonio radius: 185 mm; 

Slit: DS 1°, RS 1°, SS 0.15 mm; 

X-ray output: 40 kV, 30 mA; 

Measuring conditions: 26-6 method with continuous scanning at a pitch of 26=0.02°, with a rate of 2°/min in 26 = 
10° to 90°. 

2. BET specific surface area, pore volume 

[0080] Measurement was carried out by the nitrogen adsorption-desorption method after sufficient degassing of alu- 
mina hydrate and recording medium by heating.. 

Measuring apparatus: Autosorb 1 (trade name, a product of Quanthachrome Co.) 

[0081] 2-1. The BET specific surfac area was calculated by the method of Brunauer et al. (J. Am. Chem. Soc., 60, 
p.309 (1938). 

[0082] 2-2. The pore volume was calculated by the method of Barrett et al. (J. Am. Chem. Soc, 73, p.373 (1951). 
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3. Particle form 

[0083] A specimen was prepared by dispersing alumina hydrate in ion-exchanged water, then dropping the dispersion 
on a collidion film, and the specimen was observed under a transmission electron microscope (H-500. trade name, a 
product of Hitachi Co.) to obtain the aspect ratio and the particle diameter. 

4. Physical properties of coating liquid 
4-1) Dispersion state 

[0084] A dispersion state was evaluated by visual observation. Dispersion in a satisfactory colloid state without gel- 
lation or precipitation was ranked as "A", and that of unsatisfactory dispersion with gellation, precipitation or undissolved 
substance was ranked as "C\ 

4-2) Initial viscosity 

[0085] The viscosity was measured at 25°C with a Brookf ield rotary viscosimeter (viscometer, trade name, a product 
of ToWmec Co.) and with a low viscosity adaptor and a No. 2 rotor (rotation of 30 rpm). 

4-3) Binder shock 

[0086] A viscous state of the dispersion at the time of mixing a water-soluble polymer and/or a water-dispersible pol- 
ymer with the dispersion was evaluated by visual observation. A dispersion showing gellation by rapid viscosity 
increase was ranked as "C". a dispersion showing a significant viscosity increase immediately after the addition but 
recovering fluidity thereafter was ranked as "B" , and a dispersion maintaining the fluidity with little viscosity increase 
even immediately after the addition was ranked as "A n . 

4-4) Pot life 

[0087] The dispersion was left to stand in a closed container for 1 0 days at 25°C. and a viscosity was then measured 
under the conditions same as in Item 4-2) above, and the pot life was evaluated from a ratio of a viscosity after 10 days 
to the initial viscosity. The lower is better. 

4-5) pH 

[0088] A pH value was measured at 25°C with a pH meter (Castany D-1 4, trade name, a product of Horiba Mfg Co 
with a pH electrode 6350-1 0-D). 

4-6) Rim forming ability 

[0089] Alumina dispersion was gravure-coated at a coating speed of 200 m/min on a transparent polyester fOm 
(Lumirror T, trade name, a product of Toray Co.; 100 jim thick) under a corona discharge treatment, and was dried at 
1 20°C to form a coated layer. A coated layer with uniform structure and without cracks even at a dry thickness not less 
than 40 jim was ranked as "AA"; a coated layer showing cracks or damages within a thickness range of from 30 to 40 
urn was ranked as "A"; a coated layer showing cracks or damages within a thickness range of from 20 to 30 )im was 
ranked as "B"; and a coated showing cracks or damages even with a thickness not more than 20 urn was ranked as "C". 
The cracks and damages were evaluated by visual observation. 

4-7) Bulk forming ability 

[0090] 1 5 ml of alumina dispersion was placed in a transparent plastic cup (Pack Ace 1 20 cc. trade name, a product 
of Teraoka Co.) and was dried, without covering, for 24 hours in a dry oven of 100°C to form a gelled bulk. A gelled bulk 
not showing cracks and not easily broken when manipulated was ranked as "A"; a gelled bulk not showing cracks but 
easily broken when manipulated was ranked as "B"; and a case where the gelled bulk was not formed because of 
cracks was ranted as "C". The cracks in the gelled bulk were evaluated by visual observation. 
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5. Transparency 

[0091] A total luminous transmlttance (%) of a specimen provided with an ink receiving layer on a transparent PET 
film was measured according to the method of JIS K 7105, with a haze meter (NDH-1001DP, trade name, a product of 
5 Ninon Denshoku Co.). 

6. Crack 

[0092] A length of crack of a specimen provided with an ink receiving layer on a transparent PET film was measured 
10 under visual observation. A specimen having no cracks under visual observation was ranked as "A"; a specimen having 
cracks not more than 5 mm in length was ranked as "B"; and a specimen having cracks not less than 5 mm in length 
was ranked as "C". 

7. Glossiness 

15 

[0093] A glossiness of a specimen provided with an ink receiving layer on a white PET film was measured at 7 points 
in the non-printed area with a gloss meter (Gloss Checker IG-320, trade name, a product of Horiba Mfg. Co.) and the 
measured values were averaged. 

20 8. Printing characteristics 

[0094] Ink-jet recording was carried with an ink-jet printer BJC-420J (trade name, a product of Canon Co.) for four- 
color recording of yellow (Y), magenta (M), cyan (C) and black (Bk) with an ink-jet head provided with 128 nozzles at a 
pitch of 16 nozzles/mm, in combination with a regular ink cartridge BC-21 and a photo ink cartridge BC-22 (in compar- 
es ison with the regular inks, the dye concentration is about 1/3 for cyan and magenta inks, about 1/2 for a black ink and 
same for a yellow ink), and in each cartridge evaluation were performed on the following items 8-1-1) to 8-2-7). The 
evaluation of the printing characteristics was conducted solely on a recording medium provided with an ink receiving 
layer on a white PET film. 

30 8-1 . Evaluation Kerns for regular inks 

8-1-1) Ink-absorbing property 

[0095] The drying state of ink on the recording medium surface, after solid printing with Y, M, C and Bk inks either in 
35 single-color printing or in multi-color combination, was investigated by touching the printed area with a finger. The ink 
amount in the single-color printing was taken as 100 % (1 dot = 40 ng; 360 x 360 dots being printed per square inch). 
Similarly 100 % printing was superposed with inks of three colors, and a specimen in which an ink is not attached to the 
finger at an ink amount of 350 % was ranked as "A"; a specimen in which an ink is not attached to the finger at an ink 
amount of 250 % was ranked as "B"; and a specimen in which an ink is attached to the finger at an ink amount of 150 
40 % was ranked as "C w . 

8- 1 -2) Optical density of image 

[0096] The optical density of a solid-printed portion by a magenta ink with an ink amount of 1 00 % was evaluated with 
45 a Macbeth reflective densitometer R D 1 255 (an optical density of in magenta color was used for evaluation as it was low- 
est among four colors in all the examples). 

8-1-3) Bleeding, beading and repelling 

so [0097] The bleeding, beading and repelling on a surface of the recording medium were evaluated by visual observa- 
tion, after solid printing with Y, M, C and Bk inks either in single-color printing or in multi-color combination. The ink 
amount at the single-color printing was taken as 100 %. A specimen in which these defects were not recognized at an 
ink amount of 350 % was ranked as "A"; a specimen in which these defects were not recognized at an ink amount of 
250 % was ranked as "B"; and a specimen in which such defects were recognized at the same ink amount was ranked 

55 as "C. 
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8-1-4) Dot gain 

[0098] After printing complicated KANJI characters such as 



and the like with Y t M, C and Bk inks either in single-color printing or in multi-color combination, the recorded image was 
evaluated by visual observation. The ink amount at the single-color printing was taken as 100 %. A specimen showing 
10 sharp characters with clear edges at an ink amount of 350 % was ranked as "A"; a specimen showing sharp characters 
with clear edges at an ink amount of 250 % was ranked as "B"; and a specimen in which the characters were filled in 
and illegible or significantly inferior in quality under the same condition was ranked as "C\ 

8-1-5) Migration 

15 

[0099] After printing a solid grating pattern having four white lines having a width of 1 , 3 or 5 mm in the vertical and 
horizontal directions in a solid print area of 5 x 5 cm with Y, M, C and Bk inks either in single-color printing or in multi- 
color combination, so as to become an ink amount of 300 %, the printed specimen was left to stand for 7 days in an 
environmental conditions of 30°C and 80 %RH, and was then evaluated by visual observation. A specimen in which 
20 white lines of 1 mm were kept without being filled in was ranked as "A"; a specimen in which white lines of 3 mm were 
kept without being fUled in was ranked as "B"; and a specimen in which the white lines of 5 mm were filled in by bleeding 
was ranked as "C. 

8-1-6) Halftone reproducibility 

25 

[01 00] A black gradation pattern of 0 to 1 00 % was printed with Y, M, C and Bk inks, and the change thereafter in hue 
of the recorded image was evaluated by visual observation. A specimen where a halftone was formed without change 
in hue from black to gray and white was ranked as "A"; and a specimen in which the halftone area shows a hue other 
than gray was evaluated as "C". 

30 

8-1-7) Circularity 

[0101] Dots were individually printed with a Bk ink, and the longer diameter D and the shorter diameter d of each dot 
were measured under a microscope, and the circularity was defined by "d/D*. 

35 

8-1-8) Curl after printing 

[0102] On an A4-sized recording medium, C and Y inks were printed with an ink amount of 100 % each to obtain a 
solid green print on the entire surface, and the maximum amount of curl immediately after output was measured with a 
40 measuring scale. A maximum curl amount not more than 10 mm was ranked as "A"; a maximum curl amount within a 
range of from 10 to 20 mm was ranked as "B H ; and a maximum curl amount exceeding 20 mm was ranked as m C. 

8-2. Evaluation items for photo inks 
45 8-2-1) Ink-absorbing property 

[01 03] The drying state of ink on the recording medium surface, after solid printing with Y, M, C and Bk inks either in 
single-color printing or in multi-color combination, was investigated by touching the printed area with a finger. The ink 
amount in the single-color printing was taken as 100 % (1 dot = 40 ng; 360 x 360 dots being printed per square inch) 
so Similarly 1 00 % printing was superposed with inks of three colors, and a specimen in which an ink is not attached to the 
finger at an ink amount of 350 % was ranked as "A"; a specimen in which an ink is not attached to the finger at an ink 
amount of 250 % was ranked as "B"; and a specimen in which an ink is attached to the finger at an ink amount of 150 
% was ranked as "C". 

55 8-2-2) Optical density of image 

[0104] The optical density of a solid-printed portion, printed with a magenta ink three times, so as to obtain an ink 
amount of 300 %, was evaluated with a Macbeth reflective densitometer RD1255 (an optical density in a magenta color 
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was used for evaluation as it was lowest among four colors in all the examples). 
8-2-3) Bleeding, beading and repelling 

5 [0105] The bleeding, beading and repelling on a surface of the recording medium were evaluated by visual observa- 
tion, after solid printing with Y, M, C and Bk inks either in single-color printing or in multi-color combination. The ink 
amount at the single-color printing was taken as 100 %. A specimen in which these defects were not recognized at an 
ink amount of 350 % was ranked as "A"; a specimen in which these defects were not recognized at an ink amount of 
250 % was ranked as "B"; and a specimen in which such defects were recognized under the same condition was ranked 

io as"C w . 

8-2-4) Dot gain 

[0106] After printing complicated KAN J I characters such as 

75 

and the like with Y, M, C and Bk inks either in single-color printing or in multi-color combination, the recorded image was 
20 evaluated by visual observation. The ink amount at the single-color printing was taken as 100 %. A specimen showing 
sharp characters with clear edges at an ink amount of 350 % was ranked as "A"; a specimen showing sharp characters 
with clear edges at an ink amount of 250 % was ranked as "B"; and a specimen in which the characters were filled in 
and illegible or significantly inferior in quality under the same condition was ranked as "C". 

25 8-2-5) Migration 

[01 07] After printing a solid grating pattern having four white lines of a width having 1 , 3 or 5 mm in the vertical and 
horizontal directions in a solid print area of 5 x 5 cm with Y, M, C and Bk inks either in single-color printing or in multi- 
color combination, so as to become an ink amount of 300 %, the printed specimen was let to stand for 7 days in an ertvi- 
30 ronmental conditions of 30°C and 80 % RH, and was then evaluated by visual observation. A specimen in which white 
lines of 1 mm were kept without being filled in was ranked as "A"; a specimen in which white lines of 3 mm were kept 
without being filled in was ranked as "B"; and a specimen in which the white lines of 5 mm were filled in by bleeding was 
ranked as "C". 

35 8-2-6) Halftone reproducibility 

[01 08] A black gradation pattern of 0 to 300 % was printed with Y, M, C and Bk inks, and the change thereafter in hue 
of the recorded image was evaluated by visual observation. A specimen in which a halftone was formed without change 
in hue from black to gray and white was ranked as "A"; and a specimen in which the halftone area shows a hue other 
40 than gray was evaluated as 

8-2-7) Circularity 

[0109] Dots were individually printed with a Bk ink, and the longer diameter D and the shorter diameter d of each dot 
45 were measured by a microscope, and the circularity was defined by "d/D". 

Preparative Examples 1 and 2 

Preparation of alumina hydrate A and B: 

50 

[0110] Aluminum dodexyde was prepared by a method described in U.S. Patent No. 4,242,271. Then, aluminum 
dodexyde was hydrolyzed according to a method described in U.S. Patent No. 4,202,870 to obtain an alumina slurry. 
Then, water was added to the alumina slurry to obtain a solid content of alumina hydrate of 7.9 %. The alumina slurry 
had a pH of 9.5. 

55 [0111] The slurry was subjected to pH adjustment by the addition of a 3.9 % nitric acid solution, and colloidal sols 
were prepared und r the respective ripening conditions shown in Table 1. The colloidal sols wer spray dried at 75°C 
to obtain alumina hydrates A and B as shown in Table 1 . 

[01 12] Th BET specific surface area and the pore volume of these alumina hydrates were measured in the following 
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manner. 



211 J*! 6 V ?" m « ^ was measured the nitrogen adsorption-desorption method with an Autosorb (trade 
name, manufactured by Quanthachrome Co.). after degassing the sample for 24 hours at 120°C. 

E!!2 BET 8pec9ic 8urface area (SA) ^ Elated by the method of Brunauer et al. 
[01 1 5j The obtained results are shown in Table 1 . 



Table 1 



Preparative Example 


1 


2 


Aiumina hydrate 


A 


B 


Ripening pH 


6.8 


6.4 


Ripening temp.(°C) 


45 


50 


Ripening period (days) 


20 


10 


Ripening apparatus 


oven 


oven 


SAtnrVg) 


210.5 


185.3 


PV (cm 3 /g) 


0.62 


0.58 


Content (% as AI2O3) 


79.2 


76.5 



Preparative Examples 3 to 6 . 
Preparation of alumina hydrates C. D. E and F 



SI „ um '" u " 1 dodexyde was prepared by a method described in U.S. Patent No. 4.242.271. Then, aluminum 
dodexyde was hydrolyzec I according to a method described in U.S. Patent No. 4.202.870 to obtain an alumina slurry. 
Then water was added o the alumina slurry to obtain a solid content of the alumina hydrate having a boehmite structure 
^ T'" 8 ^ Urry had 8 PH 0f 9 2 - 7116 slurry ^ «**«tod to PH adjustment by the addition of a 3.9 % nitric 
acjd solution, and colloidal sols were prepared under the respective ripening conditions shown in Table 2. The colloidal 

Sf T! Tt??-* 85 ° C t0 0Wain a ' Umina hydrate P™** **** a structure. The obtained an alumina 

hydrate had a boehmrte crystal structure and a planar particle form. The physical properties of alumina hydrates C, D, 
E and F were measured as explained in the foregoing. The obtained results are shown in Table 2 



Table 2 



Preparative Example 


3 


4 


5 


6 


Alumina hydrate 


C 


D 


E 


F 


Ripening pH 


6.7 


6.7 


6.4 


6.3 


Ripening temp. (°C) 


47 


49 


50 


50 


Ripening period (days) 


14 


17 


19 


15 


Ripening apparatus 


oven 


oven 


oven 


oven 


Crystailinity 


23.2 


38.5 


76.8 


48.3 


BET surface area (rrfrg) 


200 


210 


235 


190 


Pore volume (cm 3 /g) 


0.65 


0.75 


0.31 


0.92 


Average aspect ratio 


5 


7 


9 


6 


Ave. particle diameter (nm) 


21 


33 


40 


13 


Content (% as Al 2 0 3 ) 


79.2 


79.4 


78.8 


78.7 
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Example 1 

[01 1 7] 3.8 parts by weight of zirconium oxychloride hydrate (ZC) (8.0 % by weight converted as Zr0 2 ) and 1 1 0 parts 
by weight of an alumina hydrate were added in succession to 390 parts by weight of ion exchanged water, and the mix- 

5 ture was stirred for 30 minutes with a dispersing apparatus (T.K.Robomix Homodisper type 2.5, trade name, a product 
of Tokushu Kika c Kogyo Co.) at 1,500 rpm. Then, while stirring it at 2,500 rpm, 157 parts by weight of a 10% aqueous 
solution of polyvinyl alcohol (PVA) (GH-17, trade name, a product of Nippon Synthetic Chemicals Co.) were mixed. The 
mixture was further stirred for 30 minutes to obtain an alumina dispersion with a weight ratio (P/B) of the alumina 
hydrate to a polymer of 7/1 and a solid content of 19.9 % by weight. 

10 [01 1 8] The physical properties of the alumina dispersion were evaluated with the methods described in the foregoing, 
and the obtained results are summarized in Table 3. 

Examples 2 to 5 

75 [01 1 9] Alumina dispersions were prepared in the same manner as in the example 1 , except that the added amount 
of zirconium oxychloride (ZC) was changed to 1.13 x 10* 3 part by weight for Example 2, to 0.021 part by weight for 
Example 3, to 20.2 parts by weight for Example 4, and to 41 .3 parts by weight for Example 5. Results of similar evalu- 
ations are shown in Table 3. 

20 Examples 6 and 7 

[01 20] Alumina dispersions were prepared in the same manner as in the example 1 . except that zirconium oxychloride 
hydrate (ZC) and the added amount thereof were changed to zirconyl nitrate hydrate (ZN, 46.0 % in content converted 
as ZrO^ and 1 .8 part by weight, respectively, for Example 6, and to zirconyl acetate (ZA, 54.7 % in content converted 
25 as ZrCy and 1 .5 part by weight, respectively, for Example 7. Results of similar evaluations are shown in Table 3. 

Examples 8 to 1 1 

[0121] Alumina dispersions were prepared in the same manner as in Example 6, except that the alumina hydrate in 
30 Example 6 was replaced by alumina hydrate B and the added amount of a 10 % aqueous solution of polyvinyl alcohol 
was changed to 917 parts by weight for Example 8, to 367 parts by weight for Example 9. to 55.0 parts by weight for 
Example 10, and to 39.3 parts by weight for Example 1 1 . Results of similar evaluations are shown in Table 3. 

Examples 12 and 13 

35 

[01 22] Alumina dispersions were prepared in the same manner as in the example 6. except that the alumina hydrate 
in the example 6 was replaced by alumina hydrate B and the 10 % aqueous solution of polyvinyl alcohol and the added 
amount thereof were changed to a 10 % aqueous solution of polyvinyl pyrrolidone (K-90, trade name, a product of 
Gokyo Sangyo Co.) with a same amount for Example 12, and to a mixture of 28.7 parts by weight of polyvinyl acetate 
40 resin emulsion (Saibinol AS-550, trade name, a product of Saide Chemical Co.; solid content 54.7 % by weight) and 
128.3 parts by weight of ion exchanged water, respectively, for Example 13. Results of similar evaluations are shown in 
Table 3. 
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Example 


Alumina hydrate 


Polymer 




Zirconium 
compound 


o: 

o 
A 


Solid content 


Dispersion state 


Initial viscosity (cP) 


Binder shock 


Pot life I 


X 


Film forming 
ability 


Bulk forming 
ability 



Example 14 



so 



ss 



[0123] 1 .8 parts by weight of zirconyl nitrate hydrate (ZN: 46.0 % converted as Zr0 2 content). 1 1 0 parts by weight of 
alumina hydrate B and 0.65 parts by weight of formic acid were added in succession to 390 parts by weight of ion 
exdiang^water, and the mixture was stirred for 30 minutes with a dispersing apparatus (TXRobomix Homodisper 
S ? ! IIT 16 : * pr0dUCt 0f Toku8hu Wka *W° to) at 1.500 rpm. Then, while the stirring was continued under 
1 L^TL^ ; PartS Weiflht 0,310,6 aqueou6 solution 01 PoWnyl alcohol (PVA) (GH-17. trade name a 
product of Nippon Synthetic Chemicals Co.) were mixed, and the mixture was further stirred for 30 minutes to obtain 
alumina dispersion having a weight ralio (P/B) of an alumina hydrate to a polymer of 7/1 and a solid content of 19 7 % 
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[0124] The physical properties of the above alumina dispersion were evaluated with the methods described in the 
foregoing, and the obtained results are summarized in Table 4. 

Examples 15 to 17 

5 

[0125] Alumina dispersions were prepared in the same manner as in the example 14, except that the added amount 
of formic acid was changed to 0.030 part by weight for Example 15, to 28.6 parts by weight for Example 16, and to 46.0 
parts by weight for Example 17. Results of similar evaluations are shown in Table 4. 

io Examples 18 and 19 

[0126] Alumina dispersions were prepared in the same manner as in the example 14, except that formic acid and the 
added amount thereof in the example 14 were changed to 1.26 parts by weight of lactic acid for Example 18, and to 
1.75 parts by weight of oxalic acid for Example 19. Results of similar evaluations are shown in Table 4. 



Table 4 



30 



Example 


14 


15 


16 


17 


18 


19 


Alumina hydrate 


B 


B 


B 


B 


B 


B 


Polymer 


PVA 


PVA 


PVA 


PVA 


PVA 


PVA 


P/B 


7/1 


7/1 


7/1 


7/1 


7/1 


7/1 


Zirconium compound 


ZN 


ZN 


ZN 


ZN 


ZN 


ZN 


Zr02/'Ai 2 0 3 


9.9 x10" 3 


9.9 x10 3 


9.9x10 3 


9.9 x10 3 


9.9 x10" 3 


9.9 x10* 3 


Organic acid 


Formic acid 


Formic acid 


Formic acid 


Formic acid 


Lactic acid 


Oxalic acid 


Organic acid/Zr0 2 


1.7 x10 -2 


8.0 xlO -4 


7.5 x10" 1 


1.2 


1.7 x10' 2 


1.7 x10" 2 


Solid content (%) 


19.9 


19.9 


19.9 


19.9 


19.9 


19.9 


Dispersion state 


A 


A 


A 


A 


A 


A 


Initial viscosity 


105 


112 


132 


235 


115 


113 


Binder shock 


A 


A 


A 


A 


A 


A 


Pot life 


1.2 


1.4 


1.5 


2.7 


1.3 


1.3 


PH 


4.26 


4.31 


4.10 


3.71 


4.27 


4.18 


Film forming ability 


AA 


AA 


AA 


AA 


AA 


AA 


Bulk forming ability 


A 


A 


A 


A 


A 


A 



Example 20 

45 [0127] 3.8 parts by weight of zirconium oxychloride hydrate (ZC content: 38.0 % by weight converted as oxide) and 
1 10 parts by weight of alumina hydrate C were added in succession to 390 parts by weight of ion exchanged water, and 
the mixture was stirred for 30 minutes with a dispersing apparatus (T.K. Robomix Homodisper type 2.5, trade name, a 
product of Tokushu Kika Kbgyo Co.) at 1,500 rpm. Then, while stirring it at 2,500 rpm, 157 parts by weight of a 10 % 
aqueous solution of polyvinyl alcohol (Gosenol GH-17, trade name, a product of Nippon Synthetic Chemicals Co.) were 

so mixed. The mixture was further stirred for 30 minutes to obtain a coating liquid having a weight ratio (P/B) of an alumina 
hydrate to a polymer of 7/1 and a solid content of 19.9 % by weight. 

[0128] The coating liquid mentioned above was gravure-coated at a coating speed of 10 m/min to transparent and 
opaque PET films having a thickness of 100 ^im (Lumirror, trade name, a product of Toray Co.), as a substrate, under a 
corona discharge treatment and was dried at 1 20°C to obtain a ink receiving layer with a dry thickness of 40 *im, thereby 
55 obtaining the recording medium of the present invention. The obtained recording medium did not show a presence of 
an Al-O-Zr bond in the ESCA measurement. The physical properties were measured with the methods described 
above, and the obtained results are shown in Table 5. 
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Examples 21 to 23 

[0129] Recording media were prepared in the same manner as in the example 20, except that alumina hydrate in the 
example 20 was respectively replaced by alumina hydrates D. E and F of the Preparative Examples 4 to 6. The obtained 
recording medium did not show a presence of an Al-O-Zr bond in the ESCA measurement. The physical properties 
measured in a similar manner are shown in Table 5. 

Examples 24 to 25 

[0130] Recording media were prepared in the same manner as in the example 20. except that the addition amount of 
ZC in the example 20 was changed to 0.021 part by weight for Example 24. and to 20.2 parts by weight for Example 
25 The obtained recording medium did not show a presence of an Al-O-Zr bond in the ESCA measurement. The phys- 
ical properties measured in a similar manner are shown in Table 5. 

Examples 26 and 27 

[0131] Recording media were prepared in the same manner as in the example 20. except that ZC and the addition 
amount thereof in the example 20 were changed to 1 .8 part by weight of zirconyl nitrate (ZN content: 46.0 % converted 
in oxrdejtor Example 26. and to 1 .5 part by weight of zirconyl acetate (ZA content: 54.7 % converted in oxide) for Exam- 
ple 27. The obtained recording medium did not show a presence of an Al-O-Zr bond in the ESCA measurement The 
physical properties measured in a similar manner are shown in Table 5. 
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Example 28 

[01 32] 1 .8 part by weight of ZN, 1 1 0 parts by weight of alumina hydrate B and 0.65 part by weight of formic acid were 
added in succession to 390 parts by weight of ion exchanged water, and the mixture was stirred for 30 minutes with a 

5 dispersing apparatus (T.K. Robomix Homodisper type 2.5, trade name, a product of Tokushu Kika Kbgyo Co.) at 1 .500 
rpm. Then, while stirring it under the same condition, 157 parts by weight of 10 % aqueous solution of polyvinyl alcohol 
(Gosenol GH-17, trade name, a product of Nippon Synthetic Chemicals Co.) were mixed. The mixture was stirred fur- 
ther for 30 minutes to obtain a coating liquid having a weight ratio (P/B) of an alumina hydrate to a polymer of 7/1 and 
a solid content of 19.7 % by weight. 

10 [0133] The coating liquid mentioned above was gravure coated at a coating speed of 10 m/min to transparent and 
opaque PET films of a thickness of 100 jim (Lumirror, trade name, a product of Toray), as a substrate, under a corona 
discharge treatment and was dried at 120°C to obtain an ink receiving layer having a dry thickness of 40 urn, thereby 
obtaining the recording medium of the present invention. The obtained recording medium did not show a presence of 
an Al-O-Zr bond in the ESCA measurement. The physical properties were measured with the methods described 

is above, and the obtained results are shown in Table 6. 

Examples 29 and 30 

[01 34] Recording media were prepared in the same manner as in the example 28, except that the addition amount of 
20 formic acid was changed to 0.030 part by weight for Example 29, and to 28.6 parts by weight for Example 30. The 
obtained recording medium did not show a presence an of Al-O-Zr bond in the ESCA measurement The physical prop- 
erties measured in a similar manner are shown in Table 6. 

Examples 31, 32 

25 

[0135] Recording media were prepared in the same manner as in the example 30, except that formic acid and the 
addition amount thereof in Example 28 were changed to 1.26 part by weight of lactic acid for Example 31, and 1.75 
parts by weight of oxalic acid for Example 32. The obtained recording medium did not show a presence of an Al-O-Zr 
bond in the ESCA measurement The physical properties measured in a similar manner are shown in Table 6. 

30 

Comparative example 1 

[0136] While stirring 500 parts by weight of pseudo-boehmKe sol (Cataloid AS-3, trade name, a product of Shokubai 
Kasei Kogyo Co., with a solid content of 7 % by weight) were stirred with a dispersing apparatus (T.K. Robomix Homo- 
35 disper type 2.5, trade name, a product of Tokushu Kika Kbgyo Co.) at 2, 500 rpm, and 50 parts by weight of a 1 0% aque- 
ous solution of polyvinyl alcohol (Gosenol GH-17, trade name, a product of Nippon Synthetic Chemicals Co.) were 
added. The mixture was further stirred for 30 minutes to obtain a coating liquid having a weight ratio (P/B) of an alumina 
hydrate to a polymer of 7/1 and a solid content of 7.3 % by weight. 

[0137] Thereafter, a recording medium was obtained in the same manner as in Example 20. The physical properties 
40 were measured with the methods described above, and the obtained results are shown in Table 6. 

Comparative example 2 

[0138] 1 .7 part by weight of ZC and 500 parts by weight of an amorphous alumina sol (Alumina Sol 100, trade name, 
45 a product of Nissan Chemical Industries Co., with a solid content 10 % by weight) were added in succession to 214 
parts by weight of ion exchanged water, and the mixture was stirred for 30 minutes with a dispersing apparatus (T.K. 
Robomix Homodisper type 2.5, trade name, a product of Tokushu Kika Kbgyo Co.) at 3,000 rpm, and, while stirring it at 
4,000 rpm, 50 parts by weight of a 10% aqueous solution of polyvinyl alcohol (Gosenol GH-17, trade name, a product 
of Nippon Synthetic Chemicals Co.) were added. The mixture was further stirred for 30 minutes to obtain a coating liquid 
so having a weight ratio (P/B) of an amorphous alumina to a polymer of 7/1 and a solid content of 7.5 % by weight 

[01 39] Thereafter, a recording medium was obtained in the same manner as in Example 20. The physical properties 
were examined with the methods described above, and the obtained results are shown in Table 6. 

Comparative example 3 

55 

[0140] Recording medium was prepared in the same manner as Example 20, except that the alumina hydrate A in 
the example 20 was replaced by silica (Mizucasi! P-78A, trade name, a product of Mizusawa Chemical Industries Co.). 
The physical prop rties were measured with the methods described above, and the obtained results are shown in Table 
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[0141 ] The recording medium of the present invention has a wide range of from selection of inks, shows little migration 
or bleeding, also shows a high optical density at the printed areas and satisfactory glossiness and transparency, and is 
excellent in halftone reproduction particularly in the output of a photographic image. Also, the coating liquid of the 
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present invention is excellent in the stability of dispersion, also is free from corrosion problem because of a high pH 
value and is capable of easily producing the recording medium without requiring any particular manufacturing facility. 
[0142] Furthermore, the alumina dispersion of the present invention has excellent binding property and shaping prop- 

« SIS ?° a, 35 3 u i9h . 80W With 3 l0w viscosit * is exceUm in ^'"y * Aspersion and has a long pot life, 
s [0143] Also, he alumina dispersion of the present invention can be easily produced without requiring any particular 
manufacturing facility. 

[0144] Provided is a recording medium provided with an ink receiving layer on a substrate, wherein said inkreceiving 
layer compnses an alumina hydrate having a boehmite structure and a non-coupling zirconium compound. 

io Claims 

1. A recording medium provided with an ink receiving layer on a substrate, wherein said ink receiving layer comprises 
an alumina hydrate having a boehmite structure and a non-coupling zirconium compound. 

is 2. The recording medium according to claim 1. wherein said zirconium compound is an inorganic salt and/or an 
organic acid salt of zirconium. 

3. The recording medium according to claim 1. wherein the ratio of a weight of said zirconium compound converted 
20 fj* J° 0 a i W8 ' 9ht * Eaid alumina hydra,e conv erted into Al 2 0 3 (ZiOa/AfeQa) is within a range of from 1 .0 x 10" 

4. The recording medium according to claim 1 . wherein said ink receiving layer further comprises one or more organic 

8CIQ8. 

25 5. The recording medium according to claim 4, wherein said organic acid is contained within a range of from 5.0 x 10" 
to 1 .0 mol/g based on the weight of the zirconium compound converted into Zr0 2 . 

6 " ^^STf^ aCC ? rdin9 ,0 Claim 1 ' Wherein said a,umina Wrate has an average particle diameter or an 
average particle length within a range of from 1 to 50 nm. 

? " iwgTS^Sto^ aCCOre,ing to daim 1 ' wnerein *** alumina Mrate has an average aspect ratio within a 
35 8 ' 15 to 80° rdi " 9 mSdiUm aCCOrdin9 10 daim 1 ' wherein ™* alumina Wraie has a crystallinity within a range of from 

9. The recording medium according to claim 1. wherein a degree of parallelization between microcrystaJs of said alu- 
mina hydrate and plane direction of the ink receiving layer is at not less than 1 .5. 

40 1 °- TrangToTfr^ 

1 1 " I h i e ^T Sn °3, mediUni a<XOrdin9 *° daim 1 • wnerein alumina Mrxe has a pore volume within a range of from 
u. i io i.u cm /g. 
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12. The recording medium according to claim 1. wherein said inkreceiving layer further comprises a binder. 



13 "2hin^ 

SO 

55 TranTo^ 

16 ' fromoTto7o ciSg m * ^ "* *** 8 **** V0 ' ume " Wn a ««• * 
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the ink. 
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one or more organic acids. 



ts zirconium. 



4 to1.0x10" 1 . 

20 j« „^^ aim91 whereinamixjngratiobyweigWofthealuminahydratetothebinder 

23. The alumina dispersion according to claim 21 .wherein a mixing .au jr 

is within a range of from 1 :1 to 30:1 . 

range ol from 1 .0 x 10 4 to 1 .0 x 10" 1 . 
hydrate to the binder is within a range of from 1 :1 to 30.1 . 
40 comprises one or more organic acids. 
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